Downscaling poses a number of new challenges for the implementation of magnonic devices. In particular, the traditional inductive method for spin wave excitation becomes inefficient at nanoscale due to the increasing requirements for the power density, the unavoidable limitations imposed on the wavelength of the excited waves by the geometry of the inductive antennae, and the difficulty of the impedance matching of the latter. An alternative approach to the excitation of spin waves can be based on the spin-transfer torque (STT) mechanism, which provides the ability to directly convert dc electrical currents into microwave-frequency spin waves on nanoscale. Unfortunately, the limitations of the geometry of traditional STT devices operating with spin-polarized electric currents place significant constraints on their compatibility with magnonic devices. By contrast, a significant geometric flexibility can be achieved in the STT devices operated by pure spin currents generated either by the spin Hall effect or by the nonlocal spin injection (NLSI). Indeed, excitation of propagating spin waves by pure spin currents generated by the NLSI mechanism has been recently demonstrated, providing a simple and flexible route compatible with magnonic devices. The ability of a spin-wave source to generate short wave packets is particularly important for the practical implementations of high-speed integrated magnonic circuits. The performance of the traditional inductive excitation technique is very limited in this respect, since the externally generated microwave signal has to be pulse-modulated by semiconductor switches, which are generally characterized by a relatively low power efficiency, and on-off times of at least several nanoseconds. The fastest spinwave excitation rate demonstrated so far was achieved by utilizing ultra-short laser pulses. However, this approach requires a high-power femtosecond optical source, and therefore has significant technological limitations. Here, we use the time-and space-resolved micro-focus Brillouin light scattering spectroscopy to study the temporal characteristics of the NLSI-based mechanism for the excitation of propagating spin waves. The studied magnonic devices consist of a vertical NLSI spin valve based on a 60 nm diameter nanocontact dynamically coupled to a spin-wave waveguide formed by a 20 nm-thick and 500 nm-wide Py strip fabricated on top of the CoFe(8 nm)/ Cu(20nm)/Py(5 nm) trilayer, and terminated at the distance of 150 nm from the nanocontact. Pure spin current, produced due to the spin accumulation in Cu layer above the nanocontact, flows into the active Py layer, exerting STT on its magnetization that results in the compensation of the magnetic damping. When damping is completely compensated by the spin current, the magnetization of the Py layer exhibits microwave-frequency auto-oscillations in the area above the nanocontact. These localized oscillations are then transformed into spin waves propagating in the Py waveguide. By applying the driving dc current in the form of short pulses, we show that the NLSI mechanism is sufficiently fast to enable generation of short spin-wave packets with the duration down to 2 ns, close to the best results achieved by using optical-pulse excitation. Moreover, we find that the intense spin-wave packets generated by the pure spin current experience a nonlinear compression while propagating in the magnonic nano-waveguides, which further reduces their temporal width. A similar mechanism is responsible for the formation of nonlinear spin-wave solitons. It allows one to compensate for the dispersive broadening of spin-wave packets by engineering the nonlinear characteristics of magnonic transmission lines, resulting in improved information flow capacity. Our findings clearly demonstrate the unique benefits of NLSI oscillators as nanocale sources of short spin-wave packets for the implementation of high-speed magnonic devices. We believe that our results should stimulate further developments in magnonics, and bring this area of research closer to the real-world applications.
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Measured maps of the spin-wave intensity recorded at delays of 1.6, 2.4 and 3.2 ns with respect to the start of the driving current pulse, as labeled. The temporal width of the spin-wave packet is 2.1 ns and its center frequency is 8 GHz. Dashed lines indicate the contour of the nano-waveguide.
